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Further study of narrow baryon resonance decaying into K®p in pyl-interactions at 

70 GeV/c with SVD-2 setup. 
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The inclusive reaction pA — > pK® + X was studied at IHEP accelerator with 70 GeV proton 
beam using SVD-2 detector. Two different samples of Kg, statistically independent and belonging 
to different phase space regions were used in the analyses and a narrow baryon resonance with 
the mass M = 1523 =b 2(stat.) zb 3(syst.) MeV/c 2 was observed in both samples of the data. The 
statistical significance was estimated to be of 8.0 a (392 signal over 1990 background events). Using 
the part of events reconstructed with better accuracy the width of resonance was estimated to be 
T < 14 MeV/c 2 at 95% C.L. 
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INTRODUCTION. 



In the last two years the observation of a narrow 
baryon state named + predicted by Diakonov, Petrov 
and Polyakov lj has been reported by a large num- 
ber of experiments in the the nK + or K®p decay 
channelsjl S, S H 0, 0, H H Ellll E3 However, 
several experiments, mostly at high energies, did not 
confirm the existence of + . The complete list of ref- 
erences to positive and negative results with discussion 
can be found in [ill D 0- The situation is getting 
more intriguing, as recently CLAS collaboration reported 
negative results on 6 + photoproduction off proton and 
deutron with high statistics [l^. Meanwhile LEPS col- 
laboration reported the new evidence of + -baryon in 
the reaction jd 9+ A* (1520) [13 Also, STAR col- 
laboration observed the doubly charged exotic baryon in 
the pK + decay channeljl^- Therefore, pentaquark exis- 
tence is still under the question and new experiments 
are needed to confirm or refute it. The SVD-2 col- 
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laboration reported the observation of narrow baryon 
resonance in the K® p-system with the mass of M = 
1526±3(stat.)±3(syst.) MeV/c 2 and T < 24 MeV/c 2 ^. 
In that analysis the K® -mesons decayed inside vertex de- 
tector (decay length < 35 mm) were used. In this paper 
we present the new results for the study of the same re- 
action: 

pN -> 6+ + X, 9+ pK°, -> tt+tt- 
We have used two independent data samples, selected by 
the point of K® decay: inside or outside the vertex detec- 
tor ( decay length — 35 or 35 — 600 mm, respectively). 



SVD-2 EXPERIMENTAL SETUP. 

A detailed description of SVD-2 detector and the trig- 
ger system can be found elsewhere [2, [ly. A brief outline 
of the main components most relevant to this analysis is 
given below (FigHJ. 

1. The high-presicion microstrip vertex detec- 
tor(MSVD) with active(Si) and passive(C,Pb) 
nuclear targets (AT) 
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FIG. 1: SVD-2 layout. 
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2. Large aperture magnetic spectrometer (LAMS). 

3. The multicell threshold Cherenkov counter (TCC). 

4. The gamma quanta detector (DEGA). 

Data taking was performed in the proton beam of 
IHEP accelerator with energy E p — 70 GeV and inten- 
sity I « (5 -=- 6) • 10 5 p /cycle. The total statistics of 5 • 10 7 
inelastic events was obtained. The sensivity of this ex- 
periment for inelastic ^^-interactions taking in account 
the triggering efficiency was 1.6 nfr -1 . 

ANALYSIS I: K° s DECAYING INSIDE THE 
VERTEX DETECTOR (DECAY LENGTH IS 

— 35 mm). 

Since SVD-2 reported a pentaquark observation 2] 
(January, 2004) the new improved algorithms of the 
tracks reconstruction have been developed 1 . It allowed 
to increase the number of decaying inside vertex de- 
tector in 3-4 times and the experimental K® mass res- 
olution for this area was essentially improved. Identifi- 
cation of protons was used for particles in the aperture 
of TCC, outside it any positively charged track was con- 
sidered as proton in K®p mass combination. The first 
step in the analysis was to find out events with a well 
defined secondary vertex at the distance of - 35 mm 
of the beam direction from the beginning of the active 
target (corresponding to the sensitive area of the vertex 
detector). Tracks from secondary vertex were explored 
to the magnetic spectrometer and their momenta were 
reconstructed. 
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FIG. 2: Analysis I: The (pK°) invariant mass spectrum for 
Kg decaying inside the vertex detector without any cuts. 

This improved analysis allowed to obtain the mass res- 
olutions to be 3.98 MeV/c 2 and 1.46 MeV/c 2 for K° and 
A masses, respectively. The events with about 3xl0 4 
kaon candidates with the multiplicity < 7 were taken 
for the further processing. Next step was to reconstruct 
momenta of the particles from the primary vertex and 
to build the invariant mass distributions using previ- 
ously selected neutral particles in association with pri- 
mary vertex tracks. Using (K°7r + ) and (A7r + ) invariant 
mass spectra it was confirmed that the masses and widths 
of K*(892) + -meson and S(1385) + -baryon are consistent 
with PPG tables [jj. 

The K^p invariant mass spectrum is shown in Fig|2l 
Clear excess is observed in the area of interest with the 
significance of about 6.2<j (205 signal over 1050 back- 
ground events). Then, the following cuts have been ap- 
plied: 

• 3 GeV < P proton < 10 GeV , 

where V proton is the momentum of the associated 
primary vertex track. It decreases the background 
from the kinematically forbidden tracks (the low 
momentum pions from K° decay are inaccessible 
with the SVD-2 spectrometer) (FigEt); 

• ^tracks > 4, 

where ^tracks is the number of tracks associated 
with the primary vertex (FigEb). 

As a result, a stronger peak over the smooth back- 
ground has been appeared. In the window of 1500 — 
1540 MeV/c 2 there are 118 events over 162 events of 
background, with the Gaussian a of the peak of about 
8 MeV/c 2 . The statistical significance of the peak can 
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FIG. 3: Analysis I: The (pK°) invariant mass spectrum for K s 
decaying inside the vertex detector with the cuts explained in 
text. 



be calculated with different estimators: 
s/Vb = 9.2a, s/Vs 



b = 7.2<r, s/VsT2b = 5.6a, 
where s and b are the numbers of signal and background 
events respectively. These values are better than any 
other published results. The first estimator seems to be 
more suitable in our case as we estimate the probability 
of the statistical fluctuation over the smooth background. 
The matter of dicussion is an estimate of the background 
itself in the case when there are different ways to build 
it. 

To estimate the natural width of the observed peak it 
is necessary to select events with the best reconstruction 
accuracy. Since the experimental resolution of SVD-2 
setup (to some degree) depends on geometric parameters 
of tracks the quality cuts have been applied in order to 
examine the real intrinsic width of the signal: 

• D < 3cr, 

where D is the distance of the closest approach be- 
tween Vb tracks taken in standard deviations; 

• N hits > 12, 

where Nhits is the number of hits on the track in 
the magnetic spectrometer. 

The result is shown in Fig0] Here the dotted curve 
stands for a normalized mixed-event background where 
kaon and proton are taken from different events with 
the same kinematic requirements. The distribution was 
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FIG. 4: Analysis I: The (pK®) invariant mass spectrum for 
Kg decaying inside the vertex detector with additional quality 
cuts explained in text. 



fitted by the sum of Gaussian function and second- 
order polynomial background. We have 50 events in 
the peak over 25 background events in the mass win- 
dow of 1510 — 1526 MeV/c 2 with the statistical sig- 
nificance of about 10a. The narrow Gaussian width 
of 4.1 ± 1.0 MeV/c 2 is consistent with our estimate of 
the highest possible experimental resolution of the SVD- 
2 setup. Taking into account the experimental resolu- 
tion of the SVD-2 detector (calculated using well-known 
resonances) it was estimated that intrinsic width of the 
(•pK s °)-resonanse is T < 14 MeV/c 2 at 95% C.L. 

The shape of mixed-event background excludes the 
possibility of generating the sharp peak due to the ap- 
plied cuts and the detector acceptance. The compari- 
son between the combinations with positive and negative 
tracks shows no signal in the wrong charge combinations. 
In addition, possible kinematic reflections (K*(892) + — > 
M(K°p) and S(1385)+ MfK°p)) and mechanisms with 
ghost tracks described in [23 were checked out and the 
null result was obtained. On the other hand, it is very 
difficult to obtain a narrow strong peak generating due 
to any kind of reflections or kinematic constraints on the 
data. 



ANALYSIS II: "DISTANT" DECAYING 
OUTSIDE THE VERTEX DETECTOR (DECAY 
LENGTH IS 35 - 600 mm). 

In Analysis II K® -mesons and A-hyperons were recon- 
structed by the following procedure. First, events with 
rich < 8 in the primary vertex were reconstructed using 
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the algorithm described in 2] and the spectrometer hits 
belonging to the reconstructed tracks were removed. The 
remaining spectrometer hits were used for reconstruct- 
ing track candidates which may originate from secondary 
vertices in the region before the first spectrometer plane 
(decay region 35 — 600 mm). The initial track candidate 
had to have at least 3 hits in the Y-planes which can be 
approximated by a polynomial function and originates 
from the area of interest. After that additional hits in 
the U and V planes of the spectrometer were searched for 
and global track parameters were defined using magnetic 
field map. Opposite charged tracks then were combined 
to test whether they may originate from a common sec- 
ondary vertex. Based on the intrinsic tracking resolution 
of the spectrometer the minimum distance between two 
tracks was required to be less than 1 mm in the horizontal 
and 5 mm in the vertical directions. The efficiency of this 
method is about 50% and it's lower than for the methods 
of reconstruction using vertex detector information. 
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FIG. 5: Analysis II: a). The (7r + 7r - ) invariant mass spectrum. 
A window corresponding to ±3cr is shown by the vertical lines, 
b) The (p7Y~) invariant mass spectrum. 

The resulting invariant masses of (7r + 7r - ) and (ptt~) 
combinations are shown on Fig|SJi and 03. The stan- 
dard deviations in mass distributions are 6.1 MeV/c 2 
and 2.4 MeV/c 2 for K® and A masses respectively. 
It is somewhat higher than obtained in the previous 
analysis since only spectrometer information was used. 
Since this analysis required the reconstruction of all 
charged tracks for all inelastic interactions (within se- 



lected multiplicity n c h < 8), there was a an opportu- 
nity to study the production of well-known resonances 
(p°(77O),/ 2 (127O),0°(lO2O),K*(892),A*(152O) etc.) us- 
ing tracks originating from primary vertex. The (K + K~) 
invariant mass spectrum where charged kaons were iden- 
tified by TCC is shown on FigEfc,. The 0°(1O2O)- 
meson signal is clearly seen on the distribution. The 
FigEJ) presents the (K~p) invariant mass spectrum 
where charged kaon and proton were identified by TCC. 
The A* (1520) signal is also clearly seen on the distribu- 
tion. 

In some papers (see for example 0,H3) the null re- 
sult of 9 + observation is argued by significant number 
of events with A* (1520) detected. We also estimated the 
numbers of observed A*(1520)-baryons, though 6 + and 
A* (1520) production mechanisms may be very different. 
The total number of detected A* (1520) — > i\~~p-baryons 
is about 2 • 10 4 (for the events with all multiplicities) 
and the cross-section for Xp > is estimated to be 
100 -T- 150 jib that agrees with the result obtained by EX- 
CHARM collaboration!^. The experimental mass res- 
olution for this resonance (obtaned using PDG data for 
resonance width) is <7a*(i520) = 2.4 ±0.9 MeV/c 2 that is 
rather high due to high angular resolution for the tracks 
detected in the vertex detector. The mass resolution for 
0°(lO2O)-meson is also high enough and estimated to be 
<W020) = 1.6 ±0.2 MeV/c 2 . 
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FIG. 6: Analysis II: a) The (K + K~) invariant mass spectrum, 
b) The (K~p) invariant mass spectrum. 

The production of the resonances decaying into strange 
neutral particles was also studied. The (tt+K®) invariant 
mass spectrum is shown on Fig[7Ji. The if* (892) peak 
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is clearly seen on the distribution. Fig[7|3 shows (A7r + ) 
invariant mass spectrum where £ + (1385) peak is clearly 
seen. The masses of observed A and also masses 
and widths of well-known resonances 0°(1O2O), A* (1520), 
if* (892) and £+(1385) are consistent with their PDG 
values 0. 
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FIG. 8: Analysis II: The (pK°) invariant mass spectrum with 
the cuts explained in text. 



identification conditions lead to forward-oriented angular 
selection while in Analysis I it is much more isotropic. We 
can conclude that two analysis types are looking for the 
KgP resonance in different kinematical regions. 



FIG. 7: Analysis II: a) The (ty + K S?) invariant mass spectrum, 
b) (A7r + ) invariant mass spectrum. 



The events with multiplicity of six or less primary ver- 
tex charged tracks in the vertex detector were selected to 
minimize the combinatorial background. 

if^-mesons were identified by their charged decay 
mode — > 7r + 7r - . To eliminate contamination from A 
decays, candidates with (p7r~) mass hypothesis less than 
1.12 GeV were rejected. The resulting invariant mass dis- 
tribution is shown on FigEJi. About 52000 if^-mesons 
from the mass window ±20 MeV/c 2 decayed outside the 
vertex detector (decay length 35 — 600 mm) were found 
in the selected events. 

Proton candidates were selected as positively charged 
tracks with a number of spectrometer hits more than 
12 and momentum 8 GeV/c < P p < 15 GeV/c. Pi- 
ons of such energies should leave a hit in the Thresh- 
old Cherenkov counter, therefore absence of hits in TCC 
was also required. These criteria leading to a more pro- 
nounced peak is forced to some extent by our search con- 
ditions, as SVD spectrometer is more sensitive to K® with 
large momenta. Average K® momentum is 9.5 GeV in 
Analysis II and about 5 GeV in Analysis I (Fig ED . With 
B + decay kinematics, for most of angles proton momen- 
tum is higher than kaon one, so protons in Analysis II are 
also more energetic than in Analysis I. Moreover, these 
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FIG. 9: The K® momentum for Analysis I comparing to Anal- 
ysis II (shaded histogram). 

Effective mass of the K®p system is plotted in Fig El 
An enhancement is seen at the mass M = 1523.6 ± 
3.1 MeV/c 2 with a a = 12.9±2.5 MeV/c 2 . The distribu- 
tion was fitted by a sum of Gaussian function and second- 
order polynomial background. There are 187 events in 
the peak over 940 background events. The statistical 
significance for the fit on Fig El can be calculated to be 
(for different estimators): 

s/Vb = 6.0a, s/Vs + b = 5.6a, s/Vs + 26 = 4.1a, 

The background was described by RQMD Monte Carlo 
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model 26] as well as by mixed-event model and is shown 
in FiginU 
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FIG. 10: Analysis II: The (pK°) invariant mass spectrum 
along with different background descriptions represented by 
fitted dashed histogram: a) mixed-event model background; 
b) RQMD Monte Carlo background. 

It is impossible to determine the strangeness of this 
state in such inclusive reaction, however we did not ob- 
serve any narrow structure in (A7r + ) invariant mass spec- 
trum in 1500 -=- 1550 MeV/c 2 mass area (FigEb). The 
(A7r + ) invariant mass spectrum requires more detailed 
study. 

It was verified that observed i^^p-resonance can not 
be a reflection from other (for example if* ± (892) or A ) 
resonances. The mechanism for producing spurious peak 
around 1.54 MeV/c 2 involving K? and A decays overlap 
as suggested by some authors |2J, |23 was also checked 
and no ghost tracks were found. 

No significant peaks were found in the (pK®) invariant 
mass spectra for events where 7r + -meson was detected 
by TCC and its mass was substituted by proton mass. 
The 7r + -background averages to no more than 10% under 
selection criteria used. 



MONTE-CARLO SIMULATION OF P-Si 
INTERACTIONS. 

The invariant mass spectra of different particles and 
K® in pSi collisions have been simulated by means of 
RQMD 2.3 event generator j2£jj. RQMD model is based 



on classical trajectories of hadrons and resonances (in- 
cluding A* (1520)) and interactions between them. 
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FIG. 11: The (pK®) invariant mass spectrum for posi- 
tively charged particles considered as a proton obtained from 
RQMD simulation. Dashed histogram represents the (pK®) 
invariant mass spectrum with identified protons. Inset shows 
the (nKg) invariant mass spectrum. 

The RQMD generator produces spectra including short 
lived resonances. We used these spectra as input data for 
GEANT 3.21 package to achieve a set of final state par- 
ticles (K® and others) which are detected by apparatus. 
This final state set of particles was used for an experi- 
mental cuts implementation and invariant mass spectra 
production. The nK® invariant mass spectrum clearly 
shows peak of A* (1520) with 30% enhancement over com- 
binatorial background. In contrast the mass spectrum of 
the KgP system is smooth and contains no fluctuations 
exceeding 3% of the background (FiglTT]). 

SUMMARY AND CONCLUSIONS. 

The inclusive reaction pA — > pK® + X was studied at 
IHEP accelerator with 70 GeV proton beam using SVD-2 
detector. Two different samples of K®, statistically in- 
dependent and belonging to different phase space regions 
were used in the analyses and a narrow baryon resonance 
with the mass M = 1523 ± 2(stat.) ± 3(syst.) MeV/c 2 
was observed in both samples of the data. The main con- 
tribution to the systematic error is connected with the 
setup alignment uncertainties. We observed the total of 
392 signal events over 1990 background ones. Using ad- 
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ditional track quality cuts we obtained T < 14 MeV/c 2 
on 95% C.L. The statistical significance of the peak can 
be estimated to be (for different estimators): 
s/Vb = 8.7<r, s/y/s + b = 8.0a, s/^sT2b = 5.9a. 
The new analysis and larger statistics confirm that our 
previous result |2| and the resonance observed is not a sta- 
tistical fluctuation neither induced by background pro- 
cesses. We plan to continue our investigations to under- 
stand the creation mechanisms of K®p resonance, mo- 
mentum and angular dependencies and cross sections. 
The preliminary cross-section estimation for xp > 
(<j • BR(0+ — > pK°) w 6 /ib) was received with the 
two assumptions: 1) the similarity of registration effi- 
ciency for ^-mesons from the + decay and all K®- 
mesons; 2) the 9 + -baryon production mainly connected 
with the limited charge multiplicities in the primary ver- 
tex. These assumptions require more careful studies and 
detailed Monte-Carlo simulations. 
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